To compare the incidence and risk factors for sudden infant death syndrome (SIDS) in twin and singleton births and to estimate the concordance of SIDS in twins.
INTRODUCTION
Sudden infant death syndrome (SIDS) is defined as an infant death occurring within the first 365 days of life for which a careful clinical history, a complete postmortem investigation, including an autopsy, and an examination of the scene of death fail to identify an explanation. [1] [2] [3] In the United States, SIDS is the foremost cause of infant death from the second to the 12th month of life. 4 The American Academy of Pediatrics Task Force on Infant Positioning and SIDS recommended in 1992 the supine or side sleep position. Following this recommendation, there has been a decline in the overall infant mortality rate attributed to SIDS in the United States. Despite this decline, SIDS caused 2523 (0.62 per 1000 live births) deaths in 2000 alone. 5 Therefore, SIDS remains a major public health concern. A handful of studies have examined the occurrence and risk factors for SIDS among twin births. Almost all of their findings have been based on regional population samples or small case series. 1, 2, 6 Uterine or pregnancy risk factors such as placenta previa, abruptio placentae, premature rupture of membranes, gestational anemia, and pregnancy-induced hypertension that have been associated with SIDS in singletons has not been investigated in twins. 7 The higher incidence rate of SIDS that has been observed among infants born to smoking mothers suggests a likely association between SIDS and intrauterine events, perhaps mediated through intrauterine hypoxia 8, 9 and possible cerebrovascular injury that persists through the infant period. 10, 11 Although the underlying mechanism for SIDS death in twins is unknown, previous studies have suggested that simultaneous SIDS death in both twin is relatively common. 1 It is also notable that the cotwins are exposed to a common shared environment both in utero and during postnatal life.
The objectives of this study were to: (1) study the incidence of SIDS death among twins; (2) estimate the concordance of SIDS in twins; and (3) compare risk factors for SIDS among twins with that of singletons.
METHODS
The National Center for Health Statistics (NCHS) Matched Multiple Birth File 12 was used to study SIDS death among twin births in the United States between 1995 and 1998. This NCHS-prepared Matched Multiple Birth File links the twin pair from each mother. NCHS developed an algorithm for matching members of twin sets and 98.8% of the records were matched successfully.
The NCHS Matched Multiple Birth File includes sociodemographic information on mothers and infants, obstetric medical history, complications of the index pregnancy, and labor and neonatal outcomes. The time and cause of the infant's death information was also available in the data set. Similar variables were also contained in the Linked Birth and Infant Death file for singletons for the study years.
The outcome variable in this analysis was SIDS deaths that occurred during the postneonatal period (28 to 364 days) and was defined using the International Classification of Diseases Ninth Revision (ICD-9-CM) 13 code of 798.0 recorded on the death certificate. Risk factors examined in this study included sociodemographic variables (maternal age, maternal race, marital status, and maternal education), infant-related risk factors (gestational age and gender), prenatal care, maternal smoking and alcohol use during pregnancy, and pregnancy complications. The latter included diabetes (juvenile onset, adult onset, and gestational diabetes during pregnancy), gestational anemia (hemoglobin level <13.0 g/dl or a hematocrit <39%), chronic hypertension (blood pressure >140/90 mmHg prior to the 20th week of gestation), and pregnancy-induced hypertension (blood pressure increase of Z30 mmHg systolic or 15 mmHg diastolic on two measurements taken 6 hours apart after the 20th week of gestation). Other pregnancy-complicating factors that were examined in this study were: placenta previa, abruptio placentae, and premature rupture of membranes (rupture more than 12 hours before the onset of labor). Small for gestational age (SGA) was defined as birthweight that is less than the 3rd and 10th percentile respectively based on the 1995 to 1998 race-and gender-specific normogram.
In order to estimate the concordance of SIDS deaths among twins, we first determined the observed probability of no SIDS death (p 0 ), of one SIDS death (p 1 ), and of two SIDS deaths (p 2 ) in a pair. Subsequently, we calculated the conditional probability of a second twin dying of SIDS given one twin had already died of SIDS. This probability is defined as p 2 /(p 1 þ p 2 ).
Since twin births are not independent events, we used logistic regression model with the method of generalized estimating equations (GEE) 14 to calculate the odds ratio (OR) with its 95% confidence interval (CI) for each of the above risk factors.
For singleton births, conventional logistic regression analysis was used to evaluate the association of potential risk factors with SIDS death.
Most of the analyses were performed using the SAS version 8.2 (SAS institute, NC).
RESULTS
Only twin pairs with complete records were used in this analysis. Pairs in which information needed for matching or for which the set identification number (unique number assigned to each set of twins) could not be determined were excluded. After these exclusions, a total of 208,057 sets of twin live births and stillborn fetuses were available. After further limiting the data file to sets born at gestational age Z20 weeks and with both twins surviving to day 28, 392,878 twins (196,439 sets of twin) remained. Out of this sample size, the total number of deaths attributed to SIDS for the study period was 501 (1.3 per thousand infants). This compares to a SIDS death rate of 0.7 per thousand in singletons ((relative risk (RR): 1.9, 95% CI: 1.68, 2.01)).
The frequencies of same sex and opposite sex twin births were 261,950 (67%) and 130,928 (33%), respectively, and the SIDS rates in these groups were nearly identical at 1.3 and 1.2 per thousand infants.
We present the frequencies of maternal characteristics in twin births with and without SIDS in Table 1 . Data for singleton births are also shown for comparison. Mothers of SIDS twins were more likely than other mothers to be younger, less educated, unmarried, to not receiving prenatal care, to drink alcohol, and to smoke during pregnancy. Infants of male gender and SGA were more frequently seen with SIDS twins. Placenta previa, abruptio placentae, and premature rupture of membranes were also higher with SIDS. The direction, and in most cases, the magnitude of these associations were similar in twin and in singleton births. Table 2 presents odds ratios and their 95% CIs for potential risk factors for SIDS. In both twins and singletons, women younger than 24 years of age and black mothers had significantly elevated OR estimates. Male infants and those infants born at less than the 10th percentile for their gestational age were also at significantly increased risk of SIDS death. Maternal smoking during pregnancy placed both infants of twin and singleton births at significantly increased risk of SIDS. The overall pattern was similar to that seen for SIDS in singletons with the CIs for the twin data encompassing the singleton OR for every risk factor except education. The latter exception resulted from the very low SIDS rate in twins born to the most educated mothers (Table 1) , some of which may have been conceived by in vitro fertilization or related treatments.
There were three instances in which both twins died of SIDS. The estimated probability of a second twin dying of SIDS given at least one twin had already died of SIDS was 6 per thousand (95% CI: 0 per 1000, 13 per 1000), 4.6 (95% CI: 1.6, 15.1) times higher than the overall risk of a twin (1.3 per thousand). Of the three affected pairs, two pairs were Black same sex twins and one pair was Black opposite sex twin. The RR for the second twin death, given a first death was 4.7 for same sex twins and 6.1 for AfricanAmerican twin sets.
Gestational age-specific incidence of SIDS death among twin births and among singleton births is shown in Table 3 . Only at term (Z37 weeks gestation) was the SIDS rate in twins significantly higher than for singletons (RR: 1.31, 95% CI: 1.08, 1.58).
We also calculated population attributable risks for SIDS risk factors identified in this study for the purpose of determining their relative contribution (Table 4 ). It appears that interventions targeted at smoking during pregnancy, alcohol use, and SGA would have greatest impact in preventing SIDS. In the absence of placental factors, the reduction in SIDS rate is modest.
DISCUSSION
The results of this study show that SIDS death among twin births is 1. 9 times higher than among singleton births. Overall, the epidemiology of SIDS in twins is quite similar to that seen in singletons.
It is important to tackle modifiable risk factors to further reduce the SIDS rate. Even though there has been a 33% fall in the rate of smoking during pregnancy in the 1990 s, 15 smoking remains the second most important modifiable risk factor after sleep positioning. Previous researchers demonstrated that maternal smoking during pregnancy is a significant risk factor for SIDS. [16] [17] [18] The result of our analysis (both the relative risk and population attributable risk) gives further evidence that maternal smoking during pregnancy may play a significant role in the occurrence of SIDS and avoiding smoking during pregnancy may contribute to the prevention of SIDS deaths in infants of smoking mothers. The findings of the current study on common risk factors (such as race, maternal age, education, and sex concordance) are consistent with reports by Malloy and Freeman Jr, 19 using similar data set for the years 1987-1991. In that study, the unadjusted relative risk for SIDS (twins versus singletons) was about 2.1 and the higher risk among twins disappeared when differences in birthweight between twins and singletons was accounted for. Our study found comparable rates of SIDS to that reported by Malloy and Freeman.
The higher rates of SIDS in preterm singletons as compared to preterm twins is due to the known crossover paradox in the overall mortality curves between singletons and twins. 20 In other words, the mortality rate for twins is lower than that of singletons for gestational ages at less than 37 weeks and twins experience a higher mortality rate for gestations greater than 37 weeks. This paradoxical phenomenon also is observed in comparing the mortality experience between black and white race as well as male and female twins. Accelerated maturity among smaller black and smaller twin babies due to stress have been forwarded as a biological explanation by some. 20, 21 However, emerging evidence suggests that the way we look at the data rather than differences in maturity between smaller twins and smaller singletons is the explanation. Recently, we have shown that the fetus-at-risk approach as opposed to the conventional method of calculating gestational age-specific mortality rates corrects for this paradox and twins were found to have consistently higher mortality rates than singletons across all gestational age categories. 22 In the same paper, we have also shown that the rate of fetal growth restriction increases dramatically for twins than singletons at and beyond 36 weeks of gestation and this is likely to be the most convincing explanation for the higher rate of SIDS among twins than singletons. 22, 23 Our finding on the concordance of SIDS death among twins is difficult to interpret because of the small number of twin sets with SIDS deaths, although the risk was about five times higher than overall risk of a twin SIDS death. The concordance in SIDS deaths may have resulted from a common environment shared by the cotwins. This finding reinforces our finding of the association between SIDS and placental factors.
The American Academy of Pediatrics initiated their aggressive "Back to Sleep" educational campaign in 1992 and evidence is mounting to suggest that the rate of SIDS has fallen since then. While many studies addressed SIDS death among singleton births, SIDS death among twins has received considerably less attention until recently. Therefore, there are few studies for comparing twin SIDS rate over time. Malloy and Freeman 19 studied SIDS rates among singleton and twin births in United States between 1987 and 1991 and reported that during the study period, the overall twin and singleton SIDS rates were 2.5 and 1.2 per 1000 live births, respectively. In the current study, between 1995 and 1998, the overall mortality rate among twin births attributable to SIDS was 1.3 per 1000 live births as compared to 0.7 per 1000 live births among singleton births. This translates to a 48% (from 2.5 per 1000 live births from 1987 to 1991 to 1.3 from 1995 to 1998) rate reduction among twin births and a 42% (from 1.2 per 1,000 live births from 1987 to 1991 to 0.7 from 1995 to 1998) rate reduction among singleton births. How much of this reduction is credited to the 1992 sleep position recommendation is hard to tell.
The magnitude and direction of the relative risks for the association between placental factors (e.g., abruptio placentae) and SIDS were comparable in twin and singleton births, but this associations failed to achieve statistical significance in twins because of small sample sizes.
Few studies have investigated the risk of SIDS in infants born small for their gestational age among twin births. This issue deserves attention, especially in view of the fact that SGA and SIDS death are outcomes for which infants of twin pregnancies are at a higher risk. Our result suggests that, small for gestational age twins are at higher risk of SIDS death as compared to appropriate for gestational age twins. Infants born less than the 10th percentile for their gestational age were at significantly higher risk of SIDS death (OR: 1.53, 95% CI: 1.14, 2.04).
The main limitation of our study is that the birth certificate data files are prone to some degree of under-reporting of certain variables, which could introduce random errors. Some analyses were based on variables coded as present or absent (for example, smoking during pregnancy). This limited our ability to assess dose-response relationships. Although the diagnosis of SIDS is made after autopsy, it is often difficult to be established. We chose to use only ICD-9-CM code of 798.0 to identify infant death attributed to SIDS and this could have resulted in under diagnosis of SIDS deaths. To address this problem, we also carried out a separate analysis using more inclusive criteria of the International Collaborative Effort (ICE) 24 classification. ICE classification includes ICD-9-CM code of E913 in addition to 798.0 to identify deaths attributed to SIDS. The magnitude of the estimates obtained using the more inclusive criterion differed little from the result obtained using the narrower ICD-9-CM, 798.0, definition.
In conclusion, twins are at higher risk of SIDS than are singletons. Overall, the epidemiology of SIDS in twins is quite similar to that seen in singletons. 
